Objective To determine the effects of a detergent-free, whitening dentifrice using an in vivo plaque regrowth model with the novel application of QLF as a planimetric analysis tool. Method A total of 20 subjects took part in a double blind, singlecentre, crossover study in which slurry rinses were the only form of plaque control over a 5-day period. Following a washout and prophylaxis the subjects used 2 daily rinses in the absence of all other plaque control methods. Subjects returned to the clinic on the afternoon of day 5 when plaque was disclosed and assessed by the plaque index and area using both a photographic and novel fluorescent planimetric technique. A further 9-day washout was carried out and the rinse period repeated to ensure that each subject had used both experimental and comparator slurries. Results Twenty subjects completed the trial. The test product showed a significant inhibition of plaque re-growth (16.9%) compared with a fluoride-matched comparator using the Turesky index (P < 0.0001), the photographic planimetric technique (17.5%) (P < 0.0001) and the novel QLF technique (18.4%) (P < 0.0001). Conclusion The results confirm that plaque inhibition capability of a detergent-free whitening dentifrice is at least as effective as a fluoride matched comparator. QLF is a promising tool for disclosed plaque quantification.
INTRODUCTION Dentifrice
There has been a substantial increase in whitening dentifrice sales in the UK in recent years. This consumer interest is also reflected within the academic community and a substantial number of stud-ies have been conducted looking at the mode of action and efficacy of such products. [1] [2] [3] [4] [5] The majority of the studies have concentrated upon the ability of the dentifrices to remove an extrinsic stain from teeth, and few have considered the plaque inhibitory effects of pastes with whitening actives added. It is essential that, in addition to any cosmetic benefits such pastes may bring, the dentifrices do not adversely affect fluoride delivery and plaque removal and inhibition.
The addition of foaming agents to dentifrices has been associated with an increased inhibition of plaque. 6 However, detergents have been linked to oral ulceration in susceptible individuals, 7 and therefore there has been a desire to create a dentifrice without detergents that retains a plaque inhibitory action. Several additional side effects have been attributed to detergents including: hypersensitivity to metal ions, increased mucosal permeability to oil and water soluble compounds, interaction with the deposition of fluoride on dental enamel, and possibly a reduced cariostatic effect. 7, 8 The dentifrice under investigation within this study (Yotuel, Biocosmetics, Madrid, Spain) is a sodium lauryl sulphate (detergent, SLS) free, low abrasion (RDA) 37 dentifrice containing both xylitol and fluoride. The whitening efficacy of the paste has been described in a previous study. 9 The purpose of this trial is to investigate the effect of SLS removal and the incorporation of whitening agents on the plaque inhibitory action of the paste using a well-accepted plaque regrowth model. [10] [11] [12] Plaque measurement There are a multitude of plaque indices available to researchers examining products or therapies, to detect, measure and describe the plaque effects of such interventions. Indices in current use generally estimate plaque quantity by either the area of tooth covered or the thickness of the plaque in the area measured. The indices can be regarded as non-linear and therefore should be treated as scores assigned on an integer scale. 13 The plaque index developed by Quigley and Hein 14 and modified by Turesky et al. 15 is one of the most frequently used indices in product testing. The technique employs disclosed plaque that is counted on the facial and lingual surfaces and emphasises the difference in plaque accumulation in the gingival third. 13 The scoring system is as follows:
 Planimetric methods for the assessment of plaque are more objective than traditional indices.  Qualitative light induced fluorescence (QLF) offers a novel and effective planimetric system.  The removal of a detergent from a dentifrice does not adversely affect plaque regrowth.  The addition of whitening agents does not adversely affect plaque regrowth.
I N B R I E F 0 = No plaque 1 = Separate flecks of plaque at the cervical margin of the tooth 2 = A thin continuous band of plaque (up to 1 mm) at the cervical margin 3 = A band of plaque wider than 1 mm but covering less than one third of crown 4 = Plaque covering at least one third but less than two thirds of the crown, and, 5 = Plaque covering two-thirds or more of the crown.
A total score is obtained by dividing the sum of all measurements by the tooth surfaces scored. 13 There are however a number of accepted problems with the use of plaque indices. For example using the Quigley Hein index, it would be possible to have a 50% reduction in plaque volume of a single tooth and yet the index score would remain the same, ie by using categorical data there is a loss of resolution, eg there is no 1.5 score. Other difficulties lie with the subjective nature of the indices and the need for examiner training, often increasing the cost of clinical trials, as does the need for a clinician to conduct the examination. The lack of resolution within the indices can require a larger number of participants to take part in a longer running trial in order to statistically separate therapies or products.
To address these issues, many researchers now employ a planimetric system to measure plaque area, and this is usually expressed as percentage plaque index, or PPI, representing the percentage of the tooth surface covered by the disclosed plaque. Many different techniques exist to conduct planimetric analyses but the basic principle is that the tooth is imaged in some way, most often by a photograph, and then computer software is used to detect the plaque and measure the surface area covered. A key principle behind the planimetric techniques is that the components of the image obtained, ie the tooth without plaque, the disclosed plaque and the gingivae can easily be distinguished by the software, ensuring that only the plaque is measured. A number of techniques have been developed to increase the contrast between these elements, for example by using fluorescent dyes. 16 The advent of quantitative light-induced fluorescence (QLF) to detect early carious lesions has offered a novel way of obtaining images suitable for planimetric analysis. Under QLF conditions, plaque is visible as an orange area, the teeth are green in colour and the gingivae are black or brown. These elements are very discrete and therefore it is proposed that such images would be highly amenable to planimetric analysis as the image analysis software can easily distinguish between these colours (Fig. 1) . Within this trial QLF images will be taken to assess their ability to be used as planimetric images.
MATERIALS AND METHODS
Plaque re-growth study A single-centre, double-blind, single treatment, randomised, controlled, cross-over design was employed for this investigation (Fig. 2) . Prior to the start of this study, ethical approval was sought and obtained from the Royal Liverpool and Broadgreen Hospitals Local Ethics Committee, and all volunteers were provided with approved consent forms and subject information sheets. Each consent form was signed and witnessed. The study was conducted in accordance with the Declaration of Helsinki (1964) and subsequent amendments.
Two oral rinses were used in this study -the first, the test product YOTUEL (Biocosmetics, Madrid, Spain) and the second a standard comparator paste. The comparator paste was a fluoride matched paste (1,000 ppm) containing sorbitol, aqua, hydrated silica, glycerine, titanium dioxide, cocamidopropyl betaine, xanthan gum, sodium fluoride, SLS, sodium saccharin, diazolidinyl urea and aroma.
A total of 20 subjects took part, with a mean age of 35 years (±11.7). The volunteers were all dentate with a high standard of oral and gingival health. Exclusion criteria for volunteers included those wearing fixed or removable prostheses, and those with medical or drug histories likely to compromise the trial. Such exclusions included those who had taken antibiotics in the preceding six months, were pregnant, or had used chlorhexidine products within the preceding six weeks.
The sequence of slurry allocation was according to a predetermined randomisation. A washout period of 9 days preceded each rinse phase. During washout, subjects were provided with a standard fluoride toothpaste (Biocosmetics, Spain) and brush (Lactona, The Netherlands) to use in place of their regular oral hygiene products.
At the start of each experimental period (day 1, Monday), subjects attended the dental clinic and were disclosed with PlaqueFinder (Pro-Dentec, Rota-Dent, Cambridge UK) dye, and then provided with a prophylaxis to clean their teeth of plaque and calculus. Re-disclosing, and repeating the prophylaxis as pixel level. Figure 4 shows an example of this analysis. For the conventional method, the blue-red areas were selected and measured in the same manner. From the pixel measurements the percentage plaque index was calculated and entered into SPSS for later analysis.
Statistical analysis
Whole mouth, mean plaque scores and mean percentage plaque index (PPI) were used for statistical analysis. Statistical assessment showed no skewness in the data, and paired t-test comparisons were deemed appropriate to compare comparator and experimental data. SPSS was used to analyse the data.
RESULTS

Plaque index and area
A full data set was available as all of the 20 subjects successfully completed the study. The mean number of surfaces available for scoring per subject was 54 (±1.9) (not including third molars). No adverse side effects were noted during the duration of the trial. None of the subjects were known or suspected of deviating from the research protocol. Five of the 20 subjects were smokers, with a mean of 14 (±2.3) cigarettes smoked per day. The whole mouth average plaque scores for both the experimental and comparator pastes, and statistical differences between them are listed in required, confirmed their plaque-free status. Following this, the subjects were provided with their first toothpaste slurry (3 g of product in 10 ml distilled water), and instructed to rinse thoroughly for 1 min. They repeated this on Monday afternoon and twice daily until Friday afternoon (10 rinses in total) and were instructed to refrain from using any other oral hygiene product during this time.
On day 5 (Friday) the subjects returned to the dental clinic. Plaque was again disclosed and assessed on both buccal and lingual surfaces using the Turesky et al. 15 modification of the Quigley and Hein plaque index. 14 Digital photographs and QLF images were taken of the anterior teeth (canine to canine, Mn, Mx) for planimetric plaque analysis. A headrest assembly was used to ensure that angulations for each of the images was standardised (Fig. 3) . Subjects were provided with a further prophylaxis. Each subject then undertook a 9-day washout and presented on Monday for the second phase of the trial.
Planimetric analysis
Planimetric analysis was performed using an image analysis package (Scion Image, Scion Corporation, USA) by a single examiner using the images acquired by the QLF device and the conventional digital photographs. QLF images were available for the maxillary and mandibular anterior teeth on a total of 12 surfaces for analysis. Initially each tooth was selected from the image and subsequently the plaque from that tooth, defined by the orange/red colour removed. Each of these two images (the total tooth image and the plaque only image) was measured at a Table 1 . There was a significant difference in plaque regrowth between the two pastes (P < 0.0001). Numerically the plaque regrowth reduction was 16.09% between the comparator and test paste as measured by the plaque index. A total of 119 surfaces were available for planimetric analysis. Statistical analysis of the conventional and QLF PPI showed a significant reduction in plaque area with the experimental paste compared with the comparator (P < 0.0001), with a 17.15% and 18.21% reduction in plaque regrowth respectively (Table 2) .
DISCUSSION
Use of QLF as a planimetric device
As described previously, success in planimetry is based upon a number of factors: 17 • Obtaining high quality and finely focused images • Absence of flash artefacts which can confound analysis • Standardised size to enable comparisons between visits to be assessed; this could be achieved by either a very small focal distance, or by the use of a scale incorporated into the image • The visualisation of the three components of the image: the tooth without plaque, the tooth with plaque, and the surrounding structures (normally gingivae), and • Proven reliability and accuracy.
While the above list represents essentials for planimetric imaging, there are a number of additional desirable features:
• The ability to see a live image, thus enabling immediate review and repeat shot if necessary, not usually available with conventional film photography.
• The ability to store, archive and retrieve images with ease.
• The ability to electronically share the images, enabling further examiners to analyse the data.
• The ability to image posterior teeth without the use of mirrors, including their occlusal surfaces.
• A short learning curve for the operator acquiring the images and those who analyse them, and • Economy.
The QLF device satisfies all of the essentials and all but one of the desirables; it is currently an expensive piece of equipment when compared with simple photographic techniques. However, it is important to note that the device does not require photographic consumables, and therefore operating costs, following initial purchase, are minimal. The QLF devices' lack of specular reflections and its extremely small focal depth ensure that the images are of the highest quality. These physical attributes are combined with a software package (VidRep, Inspektor Research Systems BV, The Netherlands) to make sure that repeated images of the teeth are identical. This is of particular use if you did not want to express a percentage change, but rather, for example, an absolute measurement such as plaque coverage in square millimetres. Indeed, with the power of the Scion Image software, it would be possible to use an actual pixel count, which, in the example given in Figure 4 is a six-figure number and provides a measurement of an extremely high resolution when compared with the somewhat gross indication of plaque coverage provided by the indices.
The separation of the three components of the planimetric image: tooth, plaque and the gingivae is profound with QLF as shown in Figure 1 and Figure 4 . The image analysis software can readily detect these distinct areas and the process requires very little subjective input from the operator once the threshold level (the point between which the software considers a pixel plaque or tooth) is set. This threshold is a standardised value for each QLF unit and should be for every trial conducted using that camera and light source. A system of calibration, using a standardized tooth covered with a known area of plaque can be used to ensure that, by thresholding, an image of a tooth by any QLF unit will return the same plaque area. This is particularly useful in multiple-centre trials where several different units may be used and consistency between them, just as consistency between clinical assessors using calibrated Turesky indices, is essential. The QLF does not require any special conditions, beyond those of normal plaque measurements (ie disclosure), to produce these images. This is in contrast to the excellent work by Sagel and colleagues 16 who achieved startling separation when using fluorescent light conditions and fluorescein staining of the biofilm (Fig.  5) . However, if it is necessary within a trial protocol to use a traditional index as an adjunct, regular disclosing will be required which could be confounded by the fluorescein stain.
A previous study has examined the reliability of the QLF technique, both between and within operators from multiple-centres. 18 However, it is important to note that this study was examining the reliability of demineralisation measurement, rather than plaque and while some of the data could reasonably be extrapolated, it is important that further research is conducted within this area to ensure that QLF planimtery is reproducible. Table 3 The effect of thresholding on the plaque area measured using the QLF planimetric technique. See Figure 6 for the appropriate images. Thresholding may offer the potential to measure plaque depth or density in a planimetric technique Using the more conventional planimetric method within this trial separated the two dentifrices under investigation. However, the analysis of the images was more complex, with a degree of subjective assessment required on the part of the operator. This was particularly the case when deciding what the threshold should be for the software to discriminate between plaque and gingivae -with both elements having a red appearance. When decided upon, it became apparent that this had to be individually set for each tooth image. This is because of the variation in the photographic appearance of the teeth, as it is difficult to standardise the lighting environment and therefore flash saturation can vary.
One of the limitations of the planimetric methods is that only plaque coverage based upon area is measured -there in no indication of the depth or the density of that plaque. [19] [20] [21] The ability to measure, although indirectly, plaque area within an objective planimetric system would be of advantage to researchers investigating plaque reduction following interventions. 22 The QLF technique may offer such measurement opportunities. The intensity of the plaque fluorescence is thought to be related to plaque depth, with the deepest areas normally occurring near the gingival margin. By adjusting the threshold of the image analysis software it is possible to exclude, for example, all but the most fluorescent areas; Figure 6 and Table 3 show the effect of density thresholding on the plaque measurements. Further research is required to link the threshold values within the software (0-255) to actual plaque depth. However, early investigations suggest that the technique may have value. It is important to note that both the traditional index and the planimetric system separated the two pastes, supporting the robustness of both methods. It is the added value of the planimetric technique that supports its use in plaque regrowth trials.
Test product versus comparator
The data suggest that the addition of whitening components and the removal of a detergent (sodium lauryl sulfate, SLS) do not have an adverse influence on the plaque inhibitory effect of the test dentifrice, despite its implicated role in the inhibition of plaque biofilms. 23 The absence of the detergent is of interest to those patients who suffer from oral ulceration, particularly of the recurrent aphthous types, as detergents such as SLS added to dentifrices have been shown to exacerbate such conditions. 7, 8, 24 A number of additional side effects have been attributed to SLS including, hypersensitivity to metal ions, increased mucosal permeability to oil and water soluble compounds and an interaction with the deposition of fluoride on dental enamel, possibly reducing the cariostatic effect. 23 Further studies are required to substantiate these findings, including a comparison between the Yotuel dentifrice and a true negative control.
While statistically superior to the comparator dentifrice in this trial, when measured by each of the indices, the absolute differences in plaque reduction were small. The results therefore suggest that the absence of a detergent, and the addition of active whitening ingredients do not have an adverse effect on the plaque inhibitory action of the paste. The test product is at least as effective at plaque inhibition as a fluoride matched comparator.
The incorporation of whitening products, and the effect of this on plaque regrowth, will require further investigation using a large number of such pastes to ensure that this cosmetic addition has no deleterious effect on plaque inhibition. Certainly within the current study, the addition of a whitening agent did not adversely affect the paste when compared with a standard, nonwhitening paste.
CONCLUSIONS
The QLF planimetric method is a promising new technique for plaque measurements within clinical trials and the possibility of simultaneous plaque depth assessment is a novel feature of such objective methods. Further research is required to determine the reliability of the technique between and within examiners in different centres. The detergent free, fluoride and xylitol added whitening toothpaste is effective as a plaque inhibitor when assessed using a regrowth model (Yotuel, Biocosmetics, Madrid, Spain). A case of widespread and rapid destruction of a man's teeth by caries attributed to the abuse of peppermint lozenges was published in Deutsche Monatsschrift für Zahnheilkunde 1912 or 1913 by Scharnweber. The author saw the cause of it not in the peppermint but in the sugar content of the lozenges. He came to the conclusion because the condition of the teeth (caries beginning as cervical caries, spreading over the buccal services) was very similar to the caries formerly seen so often in the mouths of people employed in the manufacture of cakes and confectionery (baker's caries).
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